Abstract: The aim of the study was to determine the effect of dietary vitamin E level on cholesterol and vitamin E content and fatty acid profile in broiler chicken breast and leg muscles. Chickens (420 cocks) were randomly divided into two feeding groups (210 birds each). The control group was fed with standard diet containing 44 mg kg −1 of vitamin E, whereas the experimental group was supplemented with extra 200 mg kg −1 of vitamin E. The dietary addition of vitamin E caused a significant increase in its content in the muscles, with a higher value noted in the leg muscles. Meat of chickens fed with the higher dose of vitamin E was also characterized by a lower cholesterol level. The addition of vitamin E as well as type of the muscles had a significant effect on the fatty acid profile and values of atherogenicity (AI) and thrombogenicity (TI) indices. The recorded increase in the content of n-3 polyunsaturated fatty acids (PUFAs) and a decrease in the n-6/n-3 fatty acid ratio indicate a positive effect of vitamin E on the fatty acid profile. In turn, lower values of AI and TI in leg muscles of chickens with a high intake of vitamin E prove the beneficial fatty acid profile in these muscles upon such supplementation.
Introduction
Animal fat is a source of energy and plays a significant role in determining both the technological and the sensory qualities of meat. Nevertheless, due to its implication in the incidence of cardiovascular diseases, considerable reduction of its intake is highly recommended (Xu et al. 2006 ). Chicken meat is characterized by a relatively low-fat content and -due to a high content of UFAs -is perceived as health-promoting (Wood et al. 2003) . Unsaturated fatty acids, especially the polyunsaturated fatty acids (PUFAs) of the n-3 family, reduce not only the risk of atherosclerosis development but also the risk of cancer incidence and stimulate the immune system of the body (Palmquist 2009 ).
In turn, chicken meat is a rich source of PUFAs and is characterized by a low content of natural antioxidants, tocopherols in particular, which protect the unsaturated fatty acids (Bou et al. 2009 ). Therefore, it is especially exposed to the occurrence of oxidation processes (Ladikos and Lougovois 1990) . In view of the above, diets for chicken should be supplemented with antioxidants (mainly vitamins and selenium), to reduce lipid oxidation. Chicken feeding standards stipulate levels of particular vitamins and nutrients indispensable from the viewpoint of these birds' physiology (Koreleski et al. 2005) . The administration of the standard amount of vitamin E in diet for chicken was demonstrated not to protect meat lipids against oxidation processes (Coetzee and Hoffman, 2001; Narciso-Gaytán et al. 2010) . The protection of chicken meat against the loss of valuable components, important for man, requires providing the appropriate level of antioxidants used as dietary extra supplements.
This study was aimed at determining the effect of dietary vitamin E extra supplementation on cholesterol, vitamin E content, and fatty acid profile in chicken muscles.
Materials and Methods

Birds and diets
A total of 420 meat-type chickens (only males) of the Polish experimental line were randomly divided into two feeding groups (210 birds each) in three replications with 70 chickens each, and reared until 63 d of age (detailed genetic material characterization was reported by Michalczuk et al. 2013) . Every chick was tagged with a chicken stamp and reared on litter at stock density in a pen reaching 11 birds m −2 . Chickens were fed ad libitum in a four-stage system (Table 1) . The control group (C) was receiving the basal diet (with 44 mg kg −1 vitamin E) and experimental group (E) the same basal diet supplemented with 200 mg kg −1 vitamin E. On day 63 of birds' life, 36 chickens from each group were randomly selected and fasted for 8 h. Then, the birds were transported to a slaughterhouse where they were sacrificed. The carcasses were chilled at 4°C for 12 h and transported to the laboratory where dissection was performed and breast and leg (thigh and drumstick) muscle samples were collected for further analyses. 
Determination of muscle vitamin E
The content of α-tocopherol was determined in breast and leg muscles with the method of liquid chromatography (CSN EN 12822) .
The extracted fat was saponified with sodium hydroxide, and then extraction was carried out with n-hexane. The collected supernatant was evaporated under nitrogen. After evaporation, methanol was added and the mixture was transferred to vials made of dark glass and subjected to vitamin separation in the HPLC system. Vitamin E was determined as the total content of α-tocopherol in the samples.
Determination of muscle cholesterol
The content of cholesterol was determined with the method of gas chromatography according to Polish Standard PN-EN ISO 12228:2002 using an Agilent 6890 chromatograph equipped in a flame-ionization detector. Separation was performed on a BPX 5 capillary column (25 m × 0.25 mm × 0.25 μm), under the following conditions -inlet temperature was 250°C and split ratio was 25:1. The carrier gas was helium at 2.5 mL min −1 constant flow. The oven was programmed initially at 250°C, held for 5 min, followed by increases of 5°C min −1 up to 260°C, and held for 8 min. The detector was set at 300°C with 200 mL min −1 airflow, 80 mL min −1 hydrogen flow, and 40 mL min −1 helium make-up flow.
Fatty acid profile
The fatty acid profile was determined according to the Polish Standard (PN-EN ISO 5509:2001). Total lipids were extracted according to Folch et al. (1957) . Fatty acids were separated using a gas chromatograph (Hewlett Packard 6890 Series GC System) with an FID detector and a capillary column BPX 70 (50 m × 0.25 mm × 0.25 μm film) by SGE Inc. Austin. Injection temperature was 220°C, column temperature was programmed to 1 min at 140°C, 1.5 min at 140/210°C, and 8 min at 210°C, and the samples were injected using the split ratio of 30:1. Helium was used as a carrier gas. Chromatograms were compared with Sigma standards, and fatty acid content was expressed as percentage in relation to the total amount of fatty acids determined.
Indexes of lipid quality
From the data on the fatty acid composition, the following indices were calculated (according to the Ulbricht and Southgate 1991):
2) Index of thrombogenicity (TI)
Statistical analyses
The statistical analysis was carried out with the Statistical Analysis System (SAS ver. 9.2). Differences between vitamin E and cholesterol content and fatty acid profile were defined by two-way analysis of variance using Tukey's test, at a significance level of α = 0.05. Also, differences were determined in a group by comparing the effect of muscle type on the analyzed traits as well as for a given muscle by comparing the effect of supplementation of the analyzed traits.
Results and Discussion
Contents of vitamin E and cholesterol in breast and leg muscles of chickens were presented in Table 2 . Analyses showed over threefold increase (P ≤ 0.01) of vitamin E level in breast muscles of chickens from group E. Upon supplementation with 200 mg of vitamin E, Chae et al. (2006) demonstrated only twofold increase in this vitamin content in breast muscles. In turn, Moreira and Mahan (2002) recorded a ninefold increase in liver and a sixfold increase of vitamin E level in fat of livestock upon its supplementation at the level of 200 mg. In our study, in both feeding groups, the leg muscles were characterized by a higher (P ≤ 0.01) level of vitamin E compared to the breast muscles. Sheehy et al. (1991) reported that the concentration of vitamin E in tissues was strongly linked with its intake. They observed, however, that not all tissues may be equally supplemented with vitamin E. Their study demonstrates that the supplementation had the greatest impact on the vitamin E Note: Means in the same row with different letters are significantly different (a,b: P < 0.05; A,B: P < 0.01 differences between the dietary group; and X,Y: P < 0.01 differences between muscles within the dietary group). level in the cardiac muscle, followed by lungs, liver, muscles, and brain. Surai and Sparks (2000) also noticed a correlation between the type of tissue and the possibility of modifying vitamin E content through dietary intervention.
The supplementation of the higher dose of vitamin E caused a significantly lower content of cholesterol in tissue of breast muscle (P ≤ 0.01) and leg muscle (P ≤ 0.05). Sudarman et al. (2011) applied Pluchea indica in broilers feeding and observed over 8% decrease in cholesterol content in meat. Strong antioxidative properties of P. indica have been widely known and described by Sen et al. (2002) . Sudarman et al. (2011) suppose that it is thanks to these properties that they obtained such an effect. Souza and Silva (2006) found that the addition of 200 mg of vitamin E in pigs' feed cause as much as a 20% decrease in cholesterol content in meat. Their studies show a strong correlation between the level of cholesterol in the meat and the amount of vitamin E in animal diet. They found a decrease of 10%, 20%, and 30% of cholesterol content in meat after the application of 100, 200, and 400 mg vitamin E in diet, respectively. The level of cholesterol is usually linked with adipose tissue content (Konjufca et al. (1997) ), which is also confirmed with our results (Table 2 and  Table 3 ). According to Konjufca et al. (1997) leg muscles contain significantly more red muscle fibers and more intramuscular fat that contain about two to three times more cholesterol in the sarcoplasmic reticulum, which is the likely reason of differences in the content of this component between breast and leg muscles.
The fatty acid profile of intramuscular fat of breast and leg muscles was presented in Table 3 . Among the saturated fatty acids (SFAs), lower (P ≤ 0.01) contents were noted for C14:0, C16:0, and C18:0 acids in leg muscles and for C18:0 acid in breast muscles of the chickens from group E. The content of SFAs was Note: Means in the same row with different letters are significantly different (a,b: P < 0.05; A,B: P < 0.01 differences between the dietary group; x,y: P < 0.05; X,Y: P < 0.01 differences between muscles within the dietary group). TI = thrombogenic index (C14:0 + C16:0 + C18:0)/(0.5 × MUFA + 0.5 × PUFA n-6 + 3 × PUFA n-3 + PUFA n-3/PUFA n-6) (Ulbricht and Southgate 1991); AI = atherogenic index (4 × C14:0 + C16:0) / (MUFA + PUFA n-6 + PUFA n-3) (Ulbricht and Southgate 1991).
lower (P ≤ 0.01) in leg muscles of the chickens from group E. The study demonstrated a significant effect of muscle type on contents of individual saturated fatty acids: C14:0 (P ≤ 0.05), C16:0, and C18:0 (P ≤ 0.01) in group E. In the case of monounsaturated fatty acids (MUFAs), their higher sum was determined in breast muscles of the chickens from group E (P ≤ 0.01) compared to the C group. Dietary supplementation with vitamin E had a significant effect on the level of 20:1 acid only in meat of group E chickens (Table 3 ). In contrast, lower values were reported for C14:1 acid in breast muscles and for C16:1 acid in leg muscles.
Contents of polyunsaturated fatty acids (PUFAs) did not differ significantly in breast and leg muscles depending on the applied supplementation (Table 3) . Despite the lack of differences in the sum of PUFAs, some differences were observed between contents of individual acids. The study showed reduced contents of n-6 family fatty acids, including C20:4 and C22:4 acids (P ≤ 0.01) in breast and leg muscles of chickens from group E, and C20:3 in leg muscles. Among the n-3 PUFAs, an increase was noted for contents of C18:3, C20:5, and C22:5 acids (P ≤ 0.01) in leg muscles and C22:6 acid (P ≤ 0.05) in breast muscles and for the sum of these acids in both muscles of the chickens from group E (P ≤ 0.01) ( Table 3 ). The type of muscles was also observed to influence n-3 PUFAs contents in group C. Breast muscles of these chickens were characterized by higher contents of C20:5 and C22:5 compared to leg muscles (P ≤ 0.01). The increase in n-3 PUFAs content had a beneficial effect on the n-6 PUFA to n-3 PUFA ratio, that was lower in group E both in breast and leg muscles (P ≤ 0.01). In turn, the ratio of polyunsaturated to saturated fatty acids (P/S) was higher (P ≤ 0.01) only in the leg muscles of chickens from the experimental group. The higher sum (P ≤ 0.01) of C20-22 n-3 fatty acids and lower sum (P ≤ 0.01) of C20-22 n-6 in intramuscular fat in muscles of the chickens from group E is may be due to the fact that vitamin E has a higher protective effect against the acids of more unsaturated binding (Valk and Hornstra 2000) so to the C20:5, C22:5, and C22:6 acids (Table 3) . It should also be noted that in intramuscular fat, fatty acids are found in phospholipids and triacylglycerols (neutral lipid). Longchain polyunsaturated fatty acids (PUFA n-6 and PUFA n-3) and especially fatty acids containing 20 and more carbon atoms in the chain are mainly incorporated into the structure of phospholipids which are essential components of cell membranes and their amount remains fairly constant (Demirel et al. 2004; Wood et al. 2008) . Along with fat content decrease in the tested muscles from group E (Table 3) , the share of phospholipids and at the same time PUFAs was able to increase. According to Wood et al. (2008) PUFA n-6 and PUFA n-3 compete for enzymes as well as the possibility of incorporation to the phospholipids. Therefore, more protected C20-22 n-3 may be incorporated into phospholipids instead of C20-22 n-6. The study also found a smaller increase in the level of n-3 PUFA in the breast muscles compared to leg muscles in the E group. Such a result may be associated with a lower decrease of fat content in breast muscles (about 22%) than in leg muscles (about 27%). Generally, the use in these studies dietary vitamin E extra supplementation at the level 200 mg kg −1 resulted in an increase of the nutritional value of chicken meat. Rymer and Givens (2010) emphasize that poultry meat may be a fine source of polyunsaturated fatty acids. They suggest that desired traits of poultry meat may be achieved upon bird diet supplementation with vitamin E at the level of at least 100 mg kg −1 .
The contribution of fatty acids may on the one hand determine health-promoting properties of a food product, but on the other hand may contribute to the development of pathological lesions. Adverse effects on human health have been demonstrated for few acids only (Simopoulos 2002) . Wales et al. (2009) demonstrated that saturated fatty acids, including lauric (C12:0), myristic (C14:0), and palmitic (C16:0) acids, as well as trans isomers of fatty acids may be responsible for an increased blood level of cholesterol. In turn, Williams (2000) emphasizes that only C16:0 acid promotes the incidence of cardiovascular disease. Food products of animal origin, including poultry meat, contain the aforementioned fatty acids as well as polyunsaturated fatty acids (PUFAs), the health-promoting properties of which have been demonstrated in earlier works (Simopoulos 2002; Mills et al. 2011) . The PUFAs, including mainly these of the n-3 family, were reported to reduce the risk of the incidence of cancer and cardiovascular diseases, and to promote the immune response of the body (Muchenje et al. 2009 ). For this reason, the samples of poultry meat were determined for the atherogenicity index (AI) and the thrombogenicity index (TI) in order to demonstrate dietetic values of the meat. The lowest values of both indices were assayed in leg muscles of the chickens from group E; however, both examined muscles were characterized by low values of these indices, which is indicative of the high nutritional value of poultry meat (Table 3) . Nkukwana et al. (2014) reported on similar values of atherogenicity and thrombogenicity indices in meat of chickens. Significantly higher values of these indices determined for pork (Okrouhlá et al. 2013) , beef (Russo and Preziuso 2005) , mutton (Radzik-Rant et al. 2014) , and even rabbit meat (Cavani et al. 2004) point to a very valuable composition of poultry meat lipids.
